Forecasting the solar energy production is a key issue in the large-scale integration of the photovoltaic plants into the existing electricity grid. This paper reports on the research progress in forecasting the solar energy production at the West University of Timisoara, Romania. Firstly, the experimental facilities commissioned on the Solar Platform for testing the forecasting models are briefly described. Secondly, a new tool for the online forecasting of the solar energy production is introduced. Preliminary tests show that the implemented procedure is a successful trade-off between simplicity and accuracy.
Introduction
The power injected into the electricity grid by a photovoltaic (PV) plant depends essentially on the weather conditions. Since the response time of a PV plant is very small, the output power of the PV plant closely follows the variation of solar irradiance. Often, the deterministic variation of the solar irradiance (due to Earth's movements) is accompanied by fluctuations having an erratic character (generated by passing clouds) [1] . The sudden variation of the solar irradiance can generate the so-called solar ramp event, a term that refers to the grid management when the solar irradiance experiences fast changes, causing equally jumps in the PV output power (see e.g. [2] for a helpful introduction to solar ramp events). It is well documented that the accurate forecasting of the output power of a PV plant allows for an efficient grid management and increases its operational safety [3] . The accuracy of forecasting the output power of a PV plant is largely determined by the accuracy of forecasting the solar irradiance. In the last years, a huge effort has been paid around the world to increase the forecasts accuracy [4, 5] . Our research group (http://solar.physics.uvt.ro) has been constantly involved in this general effort since 2010 [6, 7] . This paper reports on our results in developing a toolkit for forecasting the energy production of a PV plant. The paper is organized as follows. The experimental setup is briefly described in Sec. 2. The relevant data used in this study are presented in Sec. 3. The online forecasting procedure is introduced in Sec. 4. 
Experimental setup
The toolkit (further identified with the acronym FORPV) was developed within the Table1. Sample of data. The columns' meaning is: RH -relative humidity, T -air temperature, s -wind speed, 
Data and simple models
The experimental facilities M-UNIT and PV-L are monitored continuously 24/7, all the parameters being measured simultaneously with a sampling rate of 15 seconds. Table 1 illustrates the database structure and the recordings made in a minute, which captures the transition from SSN = 0 (the Sun is covered) to SSN = 1(the Sun is shining). The dimension of the database is relatively large; on each channel the number of the records made in a one hour is 240 while in a one year it is 2 102 400.
The SPN1 pyranometer plays a key role in the forecasting process. Although SPN1 is a semiconductor pyranometer, it has many advantages that recommend it in monitoring solar irradiance in the field of a PV plant for forecasting reasons: (1) SPN1 has a response time of the same order as the PV modules. This is a very important characteristic for assessing the PV system performance [10] ; (2) in a given period [12] . Figure (2b) shows the matching percentage in evaluating SSN by the two pyranometers. In the sunny days, a very good concordance between the two pyranometers is noticed (for example 95% P  ). The differences between the two pyranometers increase with increasing the instability of the solar radiative regime. An important analysis of the data consists in assessing how the PV-L output power can be correlated with the relevant predictors. An example is given in Figure 3 
P 5m and P 1h represent the instantaneous and the hourly mean power delivered to the load resistor, respectively. Visual inspection of Fig. (3a) shows that P 5m is not linearly correlated with the predictors (R 2 = 94.4%). For this reason, the two-state model was adopted for the online forecasting of the solar irradiance [7] . 
Online forecasting
The online forecasting procedure is carried out as follows. Using the Microsoft
Windows task manager, a 5-minute recurrence event was created. When an event occurs, the Generally, from Fig. 4 it can be seen that the forecasts trace with reasonable accuracy the measurements. The accuracy decreases with increasing the forecasting time horizon.
Conclusions
A fully monitored experimental setup for testing the forecasting models for the output power of a PV system was installed in 2018 on the Solar Platform of the West University of Timisoara, Romania (http://solar.physics.uvt.ro/forpv/). The experimental setup includes a combined radiometric/meteorological station and an experimental PV system. As it is designed, the experimental setup constitutes a versatile tool for simultaneously testing of various type of forecasting models at various time horizons. All data are transferred online, and the forecasting results can be accessed also online. The data analysis presented in the paper shows that the autoregressive statistical models (as the two-state model) experienced a reasonable accuracy in nowcasting the solar irradiance. Simple linear regression (with air temperature and relative sunshine as exogeneous predictors) can be used for forecasting hourly mean output power.
